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The radiative lifetime of N2 (a 'Hg, v=0-2)
William J. Marinelli, William J. Kessler, and Byron David Green
Physical Sciences Inc., Research Park. P0. Box 3100, A tndover. ta sacls.ttts 01810

William A. M. Blumberg
.-fir .orcc Gt'oplic7 Laboratory, Hanscom Air Force Base, MasUachudsts 01731

(Received 1 March 1981); accepted 6 April 1989)

We have employed direct two-iphoton laser excitation of specilic % ibrational levels ofi
N, (a ' lI ) to measure the lifetime of this state. Direct observation of emission from the
a '111-X 'X,' transition in a large cell was employed to follow fluorescence decays.
Experiments were conducted to verify that the effects of collisional transfer and diffusion cf crf
not contributing to the observed lifetime. Our experiments showed that the radiati'e lifutinc of
vibrational levels (--2 is 56 ± 4tis and is independent of vibrational level, within cxpcrirlwncid
error. The observed lifetCims are in good agreement with recently reported theorctical
calculat ions.

INTRODUCTION ments performed by Olmstead and co-workers, and Burst

Knowledge of the radiative lifetimes of the low-lying and Zipf"  gave lifetimes of 1.20 0.50' 10 ' s od

metastable states of N, is of great importance to our under- L.! 5 - 0.20 x 10 " s, rcspee.'!, N,!-ihcr study' uhd.'

standing of such plenatnea ts energy transfer processes ill radiative decay ofth a' state in the italyi, of lii line-ut'-
auroral excitation, chemical lasers, and high-voltage switeh- flight (TOF) data. More recent Iticasurcincni, by NZtSon1

ands andll hihv"tg switech-mlrl'l mto, u~or h
ing. Ill spite of their importance, the lifetimes of these states and Newell," who used a similar [OF method, support the

are still poorly known due to the experimental difficulties lifetime obtained by Borst and Zipf. Additional measure-

which arise in observing such long-lived species. ments by Holland'' employed a speet roineter and scaninLg
Thea '1 stateofN, is a prominent emitter in thevacu- photometer to measure the radial extent of 1-111 emission

um ultraviolet (VUV) spectrum of autrorally excited N .- i' from a collimated electron beam traversing a low prcssurc
The a 'II ,-X 'v ,' Lyman-Birge-Hopficld ( LBH) bands (10--4 Torr) N. sample. An analysis ofthe emission gave an

extend from approximately 130 to 200 nm comprising emis- upper limit to the lifetime of 0.80 x 10 4 S. le inclusion of

sion from v' = 0-6 of the a 'I [, state.7 Levels above v' = 6 cascade from higher levels of N, e cited by the electron

undergo a weak predissociation and are not observed in beam in their model would reduce the calculated liletitme.

emission. The LBII transition is dipole forbidden. Hence, This lifetimie appears to be the riost reliable oi the deca

the observed transition strength is due to contributions from measurements.
tile magnetic dipole and electric quadrupole moments. In Several studies nave eliployCd abSorl)tiun oscillator

addition to emission through the LBH bands, the a '11 state strength measurements on the LBII t ransit ion to iifer radia-

may exchange radiation with the a' 'Y, state. The origin of tive lifetine,. These measurements cannot mcsure any con-

this state lies 1212 cm below the a '1l1, and the nested tribution to the lifetimes from other channels, such as the

vibrational levels of these states allow for collisional and ra- a-a' transition. Garstang"4 analyzed lieasurenlelis of gen-

diative exchange of energy in this coupled system. A poten-
tial-energy level diagram of these states is shown in Fig. 1.
Infrared ernision from these transitions was first observed

by McFarlane.' Due to the low frequency of these transi- -. . . ml
tions, they may contribute only a few percent to the total -
radiative decay rates. 7, . .'

The radiative lifetime of the a state has been the subject 4 _.E 7

of numerous investigations. In spite of these efforts, the re- 0 7
ported values cover a range of over a factor of 3. Early ex- 2 -. - "

periments by Lichten" employed a molecular beam time-of- 7 - .

flight method to measure a lifetime of 1 70 ± 0.30X S0. s 70

fie used electron excitation near threshold to produce the t-

metastable N,. A particle detector was employed to measure '. - ,. I u I

the arrival time of all metastables at a fixed distance from the
point of production. This detector could not discriminate IV I II I

between different metastable species. His analysis included .
production of the A 'I and a 'I[ states. However, the
analysis did not account for production of the a' 'Y state, FIG. I. Poeintial-energy diiagraIl " I' c I,'). c,,t Vi'l'lolll loi of file

which was assumed to have a short lifetime. Similr eyperi N, (,' 'II) .11d N,jtu ) siat".
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702 Marinelli etal.: Radiative lifetime of N,(a '11)

eralized oscillator strengths to obtain a total lifetime of our experimental configuration Similar to the aiialy sis dc-
0.46X 10-' s. The pressure-broadened absorption intensi- scribed by Sackett indicates that the InCasurCd liltimIe canl
ties of Ching and co-workers"5 were analyzed to give a life- be no greater than 5% below the actual value. This anlsis
time of 0.30X 10 -' s. Subsequent measurements of oscilla- was confirmed by experiments w, hich wviII he dC' cibCd be-
tor strengths by Shemansky" for levels 0-8 gave lifetimes low.
ranging from 1.4 to 1.6X 10 - s. These measurements were In our experiments a large steel cross %a , ase s1d as the
later reexamined by Ajello and Sheniansky"I and adjusted fluorescence chamber. Tt.e incr di.telCtcr ti the cros,, \ as
downward to match the value measured by llolland. Pilling 20 cm. Two additional arms, located nioriial to lie plainc of
and co-workers" obtained lifetimes ranging from 0.76 to the cross, were employed to introduce light troin the excita-
1.16X 10-' s for levels 1-6 from their curves of growth tion laser. A schematic diagram of tle excitation cell is
method of determining oscillator strengths. shown in Fig. 2. Fluorescence from N aw) \\ as I detected us-

Recently, Dahl and Oddershede"' employed a second- ing a solar-blind PNIT (ENIR-542G-17. Csl phIotocathode)
order polarization propagator method (SOPPA) to calcu- located on the center axis of oie arm of thc cross. The Pl'[
late the radiative rate of the a-X transition. They calculated has a 28.7 mni elfctive dianicter Piotoca idc. "lhe It )V of
radiative lifetimes ranging from 0.59 x 10 -' to the cathode was aperturcd to iiISI iII"[it JLnt the \ alIs at
0.68 K 10' s for vibrational levels 0-4, respectively. Their the point where the laser beam eiiters thechalinbcr. Thcex ci-
calculation showed that the oscillator strength is derived al- tation laser is t'ocusseu ustig a 12.5 cI focatl lei.uth tlls Io-
most solely from the magnetic dipole moment and only 4% cated in tie baffle arnt. The liglit is rcC.IItiured b) a ballel
to 5%,( can be attributed to the electric quadrupole moment. arm on the opposite side of the chamber, \, Inch is Cquilpel

The experiments which we are reporting on in this paper with a Brewster-angle midov, and Wood%, horii. Siiice cxci-
were c:,,,,tv designed to mcasurc Iho: radiat.v, 'fIetinl, ,f tation of N,(a) is a two-photon procc,,,,, i i, clCrcitially
N.(a). Selective two-photon laser excitation of the N,(a,v) produced in the small confocal volumC of lite Iens in the
level to be studied is employed to eliminate interference from center of the chamber. In the low-prcssui e linit, ,a hcre the
cascade effects common to all the electron bcarn excitation mean free path of an N, molecule is lagcr titan tile distance
studies. Direct detection of N,(a-X) emission is employed. from the center of the chamber to the tcae tall, transit to
Under these conditions simple Stern-Volmer-type kinetic the wall requires approximately 220jas a.i ticrnal velocities.
analysis may be utilized to extract the lifetime data for If the N2 (a) lifetime is near 80is, as 1)r Cious incasurciments
v' = 0. For vibrational levels I and 2 coupled relaxation with would suggest, greater than 94%, of tIme excited state nole-
the a' 11- state complicates the kinetic analysis. However, cules produced by the laser would radiate It truo to cai, mg the
the experiments are conducted at sufficiently low pressures detector FOV. Since the detection volumc i,, dclined b, an
that collision-free lifetimes may be obtained for these levels extended cylinder, the use of the cylinder radius ill our calcu-
directly from the data. The experiments reported here corn- lation is quite conservative.
pliment our previous studies on the coupled relaxation of the A frequency doubled Nd:YAG puld tunable dye la-
a-a' state mianifld -" and the quenching of N.(a,v = 0) by ser was employed to excite N:(ai,) iI the c .pcrilemts. l.l-
several species important in auroral chemistry.2'  ergics from 10-20 riJ per pulse at rej lCtil1I1. tel If I( 0 liz

EXPERIMENTAL

A crucial factor in the design ofexperiments to measure
lifetimes of long-lived species is the avoidance of field-of- OUsING-
view (FOV) and wall effects. The treatment of such mea-
surements was described in detail by Sackett.22 The species L.
must be produced sufficiently far from the fluorescence cell I
walls such that transport to the walls does not result in sig- N 2  (a) EXCITATION..." /// , ,

nilicant heterogeneous deactivation. Similarly, thermal mo- VOLUME."iTA:i..
tion of molecules out of the detector field of' view must be (ENLAHGEO, " ,/,""

limited to at rate much less than the radiative rate. Ifeither of/ > ,l7

these conditions is not satisfied, the effective loss rate lnea- " -,
sured experimentally includes a transport contribution and ,,
thus the experiment overestimates the radiative rate. The 125cmFOCAL ///

practical consequence of these considerations is that the time LENGTH LENS /..//

required to leave the field of view, in the collision free regime, / , ,
should be no less than about 4 radiative lifetimes. Of course, / 6' FtUOH :Cl NI

/ COLLL C lION VOLUMIthe cell walls should lie outside or define the field of view. , ._ .
Since few molecules will leave the FOV during the early de- s----
cay times, analysis of the decay profiles for the initial part of I- 20 c,-
the decay minimizes errors due to FOV effects. This consi-
derati'mn is somewhat nhtigatc't by the weighting accorded FIG. 2. Sclcmnat-i diagrain of i ftlt l..' ,sCCc I,:I I' ir lic It'llile
points at early times (maximum intensity) in the least- ieamsuIrenmcrts.h I',tpproxlmalmtc Ic( Cilr licld ii,-Itl ' vIIh.,l I+ ihi
squares fit used to determine the decay rate. An analysis of Shided region.
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Marinelli ot a.. Radiative lifetime of N2(a 'fYd 703

\~~ etc illlin' t Ii i t Ie. I location o'ft he N,(1?' 0) where C, = (k, ±k )N,] +±k, and , and A, arc to a
b:1nlds c\citCdl 1,\ the lsr ill these experiments were men- good approximation given by

Mird cpermenahi usuc A-2 RMPIspetrocop ~ A, = (k, ± k.,) [ N,]I + k, A, = (k, + k,) [ N, I± k,.
hlc a- hi is ill a ,nii Ischarge nowv reactor. The excita- ThsAdcrbsteitaleayoN,(, houhoh

tion laser wavelcn,th Nwas set to excite fihe S branch band Thuls.oa A k decie the initraiaie o(,0) througs.he both
liiad (.1 -- S~) For- ;dllli trainsifiiu studied. No effort was cliinl(,+k)adrdaie(, rcse.Tert

iiiiii to(lecrliiic te lfetme s afuntio ofrottioal describe., thc decay of the system from the coupled equi-

1evel. Ul1CIe C , ls stid 100 too lo inl enerevg to be effected librium achieved at higher pressures and longer times. Thus,

1' rtci i'seitioII an1d not pertiir11hations have been reported at low pressures the decay of N,(a,0) should appear as a

for this sse. Vlic sokir-lfliud VNIT xias operated inl phio- single exponential function. At higher pressures the decay
I 'n coutiii,' tiloni. A. iilIc~nc scaler was emnphvcd to should appear biexponeintial, showing the initial decay to a

ml IJ lie pin liii pilss as ai riiicl inn of timec following thle coupled equilibrium and thle subsequent decay of the cou-
I isert pulse. A (iv. ell t inc of 2 tvs/cliarnel was used inl all pled system. Thus. by fitting the decay data to a single expo-

e' p'~tiie'iI I piaII\ ihnes Fdt were recorded niential at low pressure or a biexponential at higher pressures
eail 11 piiIiild (hI- ft Fom 1t0 000W laser shots was a\ eracd thle Value Of A Imay be determined. A plot ofA, vs N, num-

'hi i a 'nch:he~ober denisity' should give k, -+ k, ats tile slope and k,. the ra-milc(Itc , piofile. *File l'NIT wvas separated itret,rt Ile 11C,me iiii d imii MIPE. window.Th ins diative rate of interest, as, the itret
p v vii I it li b i. s if ry . toeliinae ~The decay of N. IaSO) Ias at function of time is shownr at

11opwtw 1,%ii spi It (),. press;ures of 0.9) and 50 nlTorr (3.O0"i and 1.6 < 10 O no

Ili l Iesnecliiu~tt \n hr ws internally blackened us- lecuiles cm - ' ) in Fit. 3. At 0.9 mTorr thle mecan free path of
ii. a ~v ~u pr pess r -o a asoriiig bac pant 3M N, is comparable to thle chamber dimensions and only a sn

I (T'201 !o 1i miliC ,r CaIttered light. The chamber \%a gle exponential decay is observed. At 50 mTorr collisional

11in pecd he1 a1 e ,\ 01 r;IjC pp Illit. dialinl dIiffusion pumil with all equilibrium is fully e~tablished with the idsite and a double
1111 i ipuiw- (,1'I ~ 1500 1 s . The blank-off pres-

if ii*l~iihT v;i 15 hiii 10 'rorr. Reagent gradle

I !o>"i'Iriu i1' " mnior (3.3'<10'2to 2
(6' lOC lamT

niiieeiis ei ' ws usl" for these experiments. At the

hic tedffioi uIp a throttled uiga 10
!7;tc r\ii~i !.,norme 0 tpmiio s were em-

plied.Pres-in Owhe eimiier was measured using a high
icCi iirac,, ftoii I Flr Ia - e ac manometer ( M KS I nstru- 10

L1

RESULTS i03

Ixfpcrnwnts N iei cotnduicted to measure the lifetimes of
() ' of th l/siu' I lo\,wevcr. thle kinectics of determining 10

i li fetimecs of~c leel I mid 2 are complicated by the presence 0 100 200 300 400 500 600 700

"IcotlIInt ellneree II!, exh iipe between thle a a nd a7' states. We TIME (i't)
w~lfirst dicuss tlIc measuviremntsil of thle lifetimei of ' = 0()

.iIl t lienl amldtss tili, hfetuis of the higher levels.

100-
A. Vibrational level 0

liii1 'laxatioii oft, 0 inl N. is described hy thle reaction

S10, -

N iB N, -N I Y If?) N k ,.

IF in0 Ip is jit iiei i i a time scalec fast com pa redl to 0 05 IS i '0 3.6P l

t-rldioi tii r;it-.. %k, li;i previously shown"' that theTME((
0, th I sfI ti :1 c I e t-hbyIle equat ion h

*C I, ICei r1
IA. -AFIG 3. t 1) N. .ar 0) d-catv lnt foir pressuircof 0.0 iiiTorr. Ttic otid

1 title rcpre'scnts ;I ingtC (tCIY fit to itic dtata. (h) N.(ai dcal. plot at ;1 prc%-
p '~ iiwr~' 5(0 131 ,rr ittiisi ru iling I ih ;il~jpireIICC (fhicxpoicnitit retaii lli(liue

J. Crom Phys., Vol. 91. No, 2,15 July 1989



704 Marineli etat.: Radiative lifetime of N.(a '10g

exponential decay is present. Scattcrcd laser light is detected 40

by the rMT lin both traces. Our analysis of the decay rate 3
(s,,id line lit to the data) begins after the laser signal has

decayed (approximately 40 tis) . The analysis of' the data
yields values for )., or A, and A.For biexponential decays 2

the value of A, is determined by the diflfusiont of Nda')
Lc 20 -7,,-20 is) out of' the detector FOV. A plot of A, as a

function of N, number denlsity is shown in Fig. 4. The slope 0 5
of this line gives a quenching rate coeflicient of 1
2.0 +- 0.1 X 10- cm' molecule - 's -'. This value is in good

agreement with our previous determination of this rate coef- 51
fiint2 The intercept of this plot gives a radiative rate of 0 -1- -- L- - - - .,

1.78 + 0. 14x 104S- or aradiative lifetimne of56.2 + 4.61is. 00 40 bO l 1. !- UU 0)

This lifetime is somewhat smaller than previous esti- INl 01 i1 -'

mates but consistent with IHolland's'" lower limit. Two cx- FIG. S. N .....~ii . U I
perimnts were performed to eonfirmnfthe validity of the life- licl.T Iffie lecepI iCt . iai ilv. i , 4
time measurement. Both experiments were designed to show
that transport out of the detector FOV wits lnot a significant
contribution to the collisionless N, (a,0) loss rate. First, a but is less reliable due to the reCstric1ed 1.111C of N, iiuniher
fig pen-ray lamp, masked to emit light fromt only a small esiis poydThetw pciliscalcus to coi-
pinhole, was scanned across the detector FOV. The detector elude that FOV effects are not a tactL r ci or Idilie atea~-

signal was recorded as a function Of light Source Position. suremients, and provide additional cmiaitiicc ill oar11 resuls.
The experiments revealed that the collection efficiency is
negligible at the chamber wall. The efficiency rises within I B. Vibrational levels 1 and 2
cm of the wall to near its maximum value, and then slowly The Stern-Volnier plot f'or the relaxaition of v -- I is

increases by 15% to a maximum lin the center of the tank. shown in Fig. 6. The lowest prcssture ridi- utic decay rates

This variation in efficiency has a very small eff'ect on the measured in the experiment are itcarlv idciical to those koh-
measured lifetime, tamned for) v 0. However, at N, dcuol ies Lllo to 2 - 101 101-

A second experiment was performed in which an aper- ecules cmn the apparent decay rate appeals, to decrease
tore was placed onl the PMIT to reduce the detector's FOV to (increasing lif'etiime) to ne~arly' half1 the loW presur limit.
at radius of 5 cm at the center of the chamber (factor of 2 Similar, though not identical, behavior is obhser~ d for thle
reduction). The lifetime measurements were then per- relaxation of v = 2 lin this pressure range At hig1her pits-
formed with this restricted FOY. The Stern-Volmer plot of sores the relaxation of v = I appeals, t proceed atl a rate
lirst-order decay rates as a function ofN., number density for comparable to the rate measured fortv O.Thfc iov pc,,suro
a more restricted set of low-pressure data is shown in Fig. 5. behavior observed for v = I is chmaacicristicallv obtaimlid ill
The data give a lifetime of 58.4 j- 1.6 jis in good agreement eases where the radiating species diffuses, Out of theC detector,
with the expanded FOV measurement. The rate coefficent field of view. The increase in rate ait low pressuries occurs iil
obtained from the data is 2.4 + 0.2 X 10 c m' mole- the transition from diffusion controlled to free molecular
cule- s (statistical error limits). This rate coefficient is transport. Our experiments onl the lifetlime oft) 0 effective-
somewhat higher than the value obtained with the full FOV ly preclude this explanation sintce one \Wuld expect virtually

identical diffusioni coefhficts f'or hot Ii vibrational levels.

90

80

70 41

600 -

'00
0 '

U~ 30 -

0!10 * * t 2

0 04 0B I12 1 6 20 24

lN2Jjl15niolculNS~tj 3)'

FIG. 4. Plot ofN,(a,v =0) first -order decay rate,, (A,) asa function of N,
prcssure.'The intercet'p give% the radiative dteay ratie (r -57.5 -j- 2.3 /i) FIG'. o1. Stem- Volmner plot lor the icl.I\. wit. NI I ta ~ I h. N
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Marinelli eta.: Radiative lifetime of N2(a i7) 705

decay rates. The model rates are plotted as the solid curve in
Fig. 6. The model shows remarkable agreement with the

,._._data. Thus, the near-resonant coupling of the two vibration-
. al manifolds appears to explain the behavior of tie first-or-

" '" ...... der decay rates in the single collision pressure regime and we
,/ r'. feel justified in using the lowest pressure decay rates to define

the radiative lifetime. These radiative lifetimes are
53.5 + 3.8Its forv = I and 51.1 + 9.0/is for u= 2.

DISCUSSION
The radiative lifetimes for vibrational levels 0-2 report-

. .. .. cd in this paper represent the first selective and most direct
measurements on the a '11, state of N,. A laser was em-
ployed to excite a specific vibrational level of the a state and

I If - I: ii( ',,( : ] ,ix!, t'.- 1--hm ilvck oFN,(a) : fitIN. (a') emission from that level was directly observed, In this man-
t !,i, th,. I, i :i,' wt .pr .-- , - 0:,o-irling (f N.(t.r 1) to ner the effects of radiative and collisional cascade were ffcc-

2 ,' R( i 1\ 0: , -% 'f I I,, ;' 1;ic i, flltouh Ilhc Ogrwa -Tan- tively eliminated as a source of error. Our experiments also
t ,A , \...i.....l,'n , carefully excluded errors due to field-of-view effects by con-

ducting measurements designed to define the FOV and test
the effects of a restricted FOV on the measured result. Final-

\e hta'c been ablc Ito c\pl;irt this behavior by consider- ly, the departure of the first-order kinetic decays for v - I
inc the cflCc't, of coujph).iti of N.(ua' = I ) to N?.(a',t, = 2). and 2 from idealized Stern-Volmcr behavior was explained
T11 cncrccc lvliagrai oftaiC. 7 shows the respective enter- by coupling to near-resonant levels of the a' 'Y-,; state. The
-ic , (-fic low c,,t vibratiolal levels ofthie a and a' states. The radiative lifetimes we have measured for these vibrational
l,v est \ibrtional lxc l of lhe a ,,t;ic is comparatively isolat- levels are indistinguishable, within experimental error. We
cd. The a'. r' I lc\ cli h ()S cm higher in energy (1.5 believe an average value of 56 + 4its (two sigma) most ac-
tinic Ik ) I llccc. coltipinz of thc,ee two levels is less efm- curately reflecs the true lifetime.
ctit. Our \perhincnt, indicatc that radiation and quench- The shorter radiative lifetime for N2 (a) measured in
it- t lic loer cnerev (,'. r .- 0 lc\el doninialc the relaxa- this study also has implications for the radiative lifetime of
I iO proce-'-*,,, lo-er. I' 2 of the a' ,late lies only 112 lhe a' 7,, state reported by Piper.24 In his study the invar-
cm t I o' ,/ he', state. Tltis. collisional coupling of iance of the N2 (a.t, = 0)/N 2 (a', = 0) emission intensities
the,,c divel, lould be mirch more facile at 300 K thermal with Ar pressure in a discharge flow reactor was used to
cncr!cies. Given the slow ls rate for a. t' = 1 under higher establish a lower limit on the lifetime ofa'. v = 0. Thesteady-
prcs,,re conditions, it might be expected that, at early times, state analysis employed gave the following relationship
,1. V -c I prefcrentiall\ couiples to t' = 2 of tile a' state. The between the lifetimes of N.(a,O) and N2(a',0):
reported radiativc lif ittics for the a' state are quite long k, I,,
(several m ")." " herce. this level would simply act as a -.->7, ,

rscrvoir st;tc intl ,iu(ticent collisions call transfer tihe k - ,I

popitlation tick into t le (jstatc. The net result ofthis process where 1
a /,,., is the ratio of emission intensities. k1 /k_, is

would he an apparent lengthening of the lifetime by the given by microscopic reversibility, and 7, is the radiative
round-trip transit time. which is of course a function ofpres- lifetime of N,(a vIl, t= 0). A critical review of the avail-
,ttrc. At higher pressure the two level system becomes com- able literature at the time fixed the N2(a) lifetime at 80I '
pletely coupled and tile observed decay is that of the coupled /ts. Hence, Piper was able to place a lower limit of 23 '," ms
systcmn. The important kinetic processes for this mechanism for the average lifetime ofa', v = 0. The lifetime of the for-
arc shown in Fig. 7. bidden transition is a strong function of rotational level"'

We have construclcd a kinctic model of this system in and this value represented an average for a 300 K rotational
which energy-gap scaling and microscopic reversibility have distribution. Our new value for the a state lifetime requires
hecn employed to describe the coupling of the near-resonant that Piper's lower limit be revised to 17 + 2 ms.
vibrational levels. The degeneracy of each level was obtained The results of the present study can be reconciled with
hy counting all rovibronic states for each level within kT previous measurements of the lifetime by considering the
(205 cm ') of the vibronic origin and multiplying the sum respective measurement techniques which were employed in
by the appropriate el:ectronic degeneracy. The rate coeffi- those studies. The earlier studies were grouped into two
cient for quenching ofa. i = 0 was used to describe the pure classes: the molectlar-beam time-of-flight experiments and

uirenching of a. t' -= I. The low pressure decay rates were the curve-of-growth absorption measurements. The fluores-
Used to define the a, t,-z I radiative lifetime. Th,, the model cence measurements of Holland t and the calculations of
hias no adjustble paranetcrs. The rate equations were nu- Dahi and Oddershede" will be discussed separately.
merically intcgrated to obtain the temporal behavior of The molecular beam time-of-flight (TOF) studies," - '
N '(a, v I ). These decay curves were analyzed using our which comprise the bulk of the measurements, universally
standard data rcluction mlhods to obtain the first-order discounted the role of the metastable a' 'I,- state in the col-
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TAttLE 1. Coumparkio of'calcuijied and iitxpuicd N,( a '11,0L' raditv I iflitie.

Vibrationial I u-X)' r( 0-A) .4 (a-a )" At oiat) r(Iutal) r(ftieas. p
level (", ' ) (0 "s) Is 1) (S - ) (t0-S) (10-'S)

0 17 Uo2 58.t) 100 17 102 56.3 57.5 ± 2.3
1 tj 838 59.4 04Y, 17 46 57.2 53.5 +i 3.8

2 Io 630 W0.1 1186 17 822 5().l 51.1 ±9.0
3 I115 (11.9 944 17099 58.5..
4 14671 6h. 2 216 1 b) I)840 59.4..

As erilgc 57.9~ F 2.2 56.2 ± 3.8

'Calculated ini Rel'. 19.
'Calculated iii Ref. 20.

lItus vork

lision-f'ree decay of metastable N_ Freund 2 1 correctly lifetime of' 50 /is obtained inl our studLIieS is consis1tent With a
showed that thle collision-tree relaxation of' these states contribution of that Magn it ude From tlie a' state.
would be nonexponiential due to tile radiative coupling of The recent tleOr-CtiCal StudieS ol'DahI and Oddershede''
these states via the NlacFarlanc infrared bands. Our- pre- are in excel lent agreetnint Wi th our11 reCsultS. TFlicy Calculted
,,ious paper indicated that thle u-4a transitions could signifi- thle value of Q ID to be 0.05; substantially less ilban deter-

catilly alter thle radiative lifetimec of' the u' and, to a lesser iied fromn the absorption (taia. Iliese CaICletltiiis % Cre for,
extent, thle a state. Thle particle detctors employed in lie the ai-X transitioni an1d Showe d at 'sly it 1CineCaSe Ill I Ilie Ilie-
TOF measurements could not distinguish between thle arriv- time over the range front 41-- 0 to 4. Inclusion of the transi-
all of necar-isoenergetic N, (a) and N, (a') states. Elect ron- tion probabilities for the ti-a' trans11ition front1 our11 pre~iolus
beamn energy thtreshold measurements were adequate to sep- paper in the total transition probability re~ erses thle trend Inl
arate the decay of the longer-lived A 31", state but could not the lifetime data to show at Slight dcreaC~se, ats shown in TableC
resolve the a and a' states. The a' state was thought to have a 1. The average value of the lif'etimc [ or the three low~est lce cls
Much shorter lifetime than current Measurements indicate. is 57 + 2pus (two sigmna).- This is ell \% itliii thle ririge of our,
Hence, it was believed that this state did not contribute to the experimental uncertainty.
metastable N, flux observed at thle detector. A simple analy-
sis of the coupled kinetic decay of this system shows that the CONCLUSIONS
combined a/a' states will appear- to decay nonexponentially Our direct measurement of the radiati'e lifetimec of' N.
if followed for several apparent lifetitmes. However, most of (a, v = 0-2) gives anl average lifetimec of' 5o -- 4 /is and is
the TOF experinments did not possess the capability to follow ineedtofvbaoaleel stniclerielalro.

thle decay for more than approx iately 200/is. Under these The current results can be rationali'ed with respect to pieIL-
conditionis thle decays appear roughly exponential with ap)- vious molecular beam tiie-of-light and lectron beamii tlu-
parent lifetimes factors of 1.5 to 4 times the true lifetime. The orescence measurements. The diatal IS inl eXC~ellnt agrCleemet
magnitude of the distortion depends on the relative excita- wvith recent theoretical calculations.
tion efficiencies of the two states and thle time over which the
decay is analyzed. We believe this effect accounts for thle ACKNOWLEDGMENTS
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pears to be the ratio of the electric quadrupole to the magnet-
ic dipole contributions (QID) to the total oscillator
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tion data to reflect a lifetime closer to the 80 Its reported by E..Geiiu D.ttrnmi iiRI Nii (''py R. c 632

Holland i' The lifetime obtained from Holland's electron (17')(li* . 4

beam excitation study wats derived from analyzing the spa- ( 1977).
tial extent of the L131- band emission intensity. The 80 is 'I. F. Iuilaii, FK . tJttliic J C md.i al)c 1'~. 0 L l'.mIi.

value reported by Holland is actually anl upper limit to thle fP . Rka. 85 1. 21). Fednu J9)I~8. Micpt\ tt 2,51 1977)
lifetime. The observation of nonlinear increases in the popu- 'G;. J. Rottmain, 1). D. F'elidmaii, and I I \\ Nh-s'.. k 6c~ophis Re%. 78. 25s,
lations of some of thie low-lying vibrational levels of the a (1973).
state led Holland to conclude that additional "slow" cascade F. Pl'aice. NI. Lun~ipiindi J Iliobcri,. I (li .Rcs 77. 4777i
mechanisms may be operative. He concluded that the true A. I-o721 sri 1. If .Krtini, . Cliciii Ret. I).mtm 1131 t'i707)
lifetime may be as short as 40/is ifa cascade contribtttion of 'R, A. McI~arlanie, J. Quaitum I cioi. 2. '.> tiii

25% to 35% percent is added to the direct production. The 'W. Lichicit, J. Chemi. I'll) . 26, 30o 1, 1,iS?
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